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NON-METAL REINFORCING MANDREL 
BACKGROUND OF THE INVENTION 

5 

Field of the Invention 

The present invention relates generally to catheters. More particularly, the 
present invention relates to a non-metal reinforcing mandrel for use with such catheters. 

10 Description of Related Art 

In percutaneous transluminal coronary angioplasty (PTGA), catheters are 
inserted into the cardiovascular system via the femoral artery under local anesthesia, A 
O pre-shaped guiding catheter is positioned in the coronary artery, and a dilatation 
5 catheter having a distensible balloon portion is advanced through the guiding catheter 
S into the branches of the coronary artery until the balloon portion traverses or crosses a 
S stenotic lesion. The balloon portion is then inflated with a fluid to compress the 
L atherosclerosis in a direction generally perpendicular to the wall of the artery, thereby 
dilating the lumen of the artery. After the last dilation, the balloon is deflated so that the 
dilatation catheter can be removed from the dilated stenosis and blood flow can resume 
#) through the dilated artery. 

Ongoing development work of the dilatation catheters has reduced the 
transverse dimensions of the catheters for angioplasty procedures both as to their outer 
diameters as well as to the wall thickness of the catheter's tubular components. This 
reduction has led to difficulties in designing dilatation catheters having small transverse 
25 dimensions while still maintaining adequate pushability for advancement of the dilatation 
catheter through the guiding catheter into the patient's coronary artery and across tight 
stenoses. The marginal or inadequate pushability has been particularly noticeable with 
over-the-wire catheters that have been adapted for use with guidewires having 
diameters not more than about 0.014 inch (0.356 mm). 
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One solution to this dilemma has been the use of a reinforcing mandrel 24, such 
as the one shown in Figures 1 A and 1 B. The catheter 10 typically has an inner tubular 
member 12 with an inner lumen 14 adapted to receive a guidewire with a maximum OD 
of less than about 0.014 inch. An outer tubular member 16 is generally disposed about 
5 the inner tubular member 12 such that the inner tubular member 1 2 extends through the 
outer tubular member 16 and an outer lumen 18 is defined therebetween. The inflatable 
member (e.g., a balloon) 20 has a proximal end 21 which is secured to the distal end of 
the outer tubular member 16 and a distal end 23 secured to the distal end of the inner 
tubular member 12 so as to seal off the outer lumen 18 and the interior of the inflatable 
10 member 20. 

yj The reinforcing mandrel 24 is within the outer lumen 1 8 between the inner 1 2 and 

outer 1 6 tubular members and extends from the proximal end of the catheter 1 0 into the 
g distal portion of the catheter 1 0 but typically ends short of the inflatable member 20. The 
Jf mandrel 24 is usually a cylindrical, often tapered axle inserted onto a device such as a 
|5 catheter 10 to provide support along the length of the given device. The mandrel 24 is 
g typically secured at the proximal end of the mandrel 24 within the adapter (not shown) 
K mounted at the proximal end of the catheter 1 0. 

O Although difficult to achieve during processing, it is often desirable to vary the 

diameter of the mandrel 24 to establish a predetermined amount of flexibility. For 

20 example, since it is generally desirable for the proximal section of the catheter 1 0 to be 
more stiff to assist in the catheter's pushability, the proximal section of the mandrel 24 is 
designed/fabricated to have a larger diameter than the diameter of the mandrel 24 in a 
more distal section of the catheter 10. The smaller diameter portion of the mandrel 24 
extending into the distal section of the catheter shaft 10 preferably has a transverse 

25 dimension of at least 20% less than the transverse dimension of the proximal section of 
the mandrel 24. This variation in the diameter of the mandrel 24 provides flexibility in 
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the distal portion of the catheter 10 and allows the catheter 10 to track over the 
guidewire while still maintaining excellent pushability. 

The mandrel 24 of the prior art is fabricated from a metal or metal alloy 
(hereinafter metal) rod. The metal mandrels 24 known in the prior art, however, have 
several inherent limitations. First, metal rods are generally too stiff for angioplasty 
procedures, and a too stiff rod reduces a catheter's trackability over a guidewire or other 
medical device. Not only is the rod often too stiff, but a metal rod is also more difficult to 
process. For example, the metal rod must be ground to the desired diameter for the 
various (i.e., proximal and/or distal) section and often still retains sharp edges along it's 
length that can damage the interior of the catheter shaft. Further, the dimensions of a 
metal mandrel are fixed during fabrication. 

It would be advantageous to replace the metal mandrels of the prior art with a 
non-metal mandrel that has more easily varied dimensions and stiffness characteristics 
along the length of the mandrel. The ability to easily vary the dimensions and stiffness 
characteristics of a mandrel will also allow more freedom in the choice of materials for 
the-catheter shaft itself. In other words, because the stiffness of the mandrel can be 
easily varied during processing, the proximal section of the mandrel can be made stiff 
enough to provide the desired pushability for the catheter. A mandrel having a stiff 
proximal section reduces the need for a stiff proximal section of the catheter shaft itself. 
Thus, the material for the proximal shaft of the catheter will no longer be limited to a stiff 
polymer. By allowing the use of a less stiff polymer in the proximal section, the non- 
metal mandrel will also substantially reduce the likelihood of kinking. In this manner, a 
mandrel having a stiffer proximal section will provide the desired pushability without 
having to sacrifice the flexibility of the distal shaft of the catheter. 
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SUMMARY OF THE INVENTION 

An apparatus for providing support along the length of a catheter is described. 
The present invention consists of a mandrel fabricated from a non-metal. The mandrel 
may extend through the outer lumen of a dilatation catheter to provide added support 
and stiffness to the catheter shaft. The stiffness along the length of the non-metal 
mandrel may easily be varied by making dimensional or morphological changes to the 
polymeric mandrel. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is further described by way example with reference to the 
accompanying drawings, wherein: 

Figure 1 A is a side cross-sectional view of a mandrel of a first embodiment of 
the present invention as used with a dilation catheter. 

Figure 1 B is a front cross-sectional view of the mandrel and catheter illustrated in 
Figure 1A. 
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DETAILED DESCRIPTION OF THE INVENTION 


An apparatus for providing support for a catheter is described. In the following 
detailed description, numerous specific details are set forth in order to provide a more 
thorough understanding of the present Invention. However, it will be appreciated that 
5 the present invention may be practiced without these specific details. In other 
instances, well-known devices, methods, procedures, materials, and individual 
components have not been described in detail so as not to unnecessarily obscure 
aspects of the present invention. 

A mandrel is usually a cylindrical, often tapered, axle/rod inserted into a device 
® such as a catheter to provide support along the length of the device. In the prior art, 
^ mandrels used with biomedical devices have been fabricated from a metal or metal 
alloy (hereinafter metal). The metal mandrels, however, have been encumbered by 
'T several limitations including difficulty in processing mandrels having a desired varying 
ry diameter, sharp edges that may damage the device the mandrel is inserted into, and an 
US often excessive stiffness. The present invention addresses each of the above issues by 
a providing a non-metal mandrel. 

Figures 1A and 1B are illustrations of a reinforcing mandrel 24 a used with a 
dilatation catheter 10. The catheter 10 has an inner tubular member 12 with an inner 
lumen 14 adapted to receive a guidewire (not shown). An outer tubular member 16 is 
20 generally disposed about the inner tubular member 12 such that the inner tubular 
member 12 extends through the outer tubular member 16 and an outer lumen 18 is 
defined therebetween. The inflatable member (e.g., a balloon) 20 has a proximal end 
21 that is secured to the distal end of the outer tubular member 1 6, and a distal end 23 
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that is secured to the distal end of the inner tubular member 12 so as to seal off the 
outer lumen 18 and the interior of the inflatable member 20. 

The reinforcing mandrel 24 is typically within the outer lumen 18 between the 
inner 12 and the outer 16 tubular members and extends from the proximal end of the 
5 catheter 1 0 into the distal portion/section of the catheter 1 0. The mandrel 24 typically 
ends short of the inflatable member 20. 

The mandrel of the present invention is fabricated from a non-metal material. 
The materia! for the non-metal mandrel may be selected from numerous materials 
including, but not limited to: nylons, including high stiffness polyamides; stiff polymers 
#0 with tensile modules greater than approximately 400,000 psi, such as PEEK (polyether 
etherketone), PPS (polyphenylene sulfide), PEI (polyetheramide), and PI (polyimide); 
liquid crystalline polymers; polymers reinforced with glass fibers; polymers reinforced 
J' with graphite fibers, etc. 

ni By fabricating the mandrel of a catheter from a non-metal material, the present 

WB invention provides numerous advantages over the prior art. Without the use of a 
O mandrel, the proximal section of a catheter shaft must generally be made of a stiff 

polymer in order to provide a sufficient amount of pushability. However, a stiff polymer 
shaft kinks easily during manipulation of the catheter into the desired position with the 
cardiovascular system of the patient. The metal mandrel of the prior art provides 
20 stiffness for the catheter in addition to the catheter shaft itself. However, the flexibility of 
a metal mandrel is difficult to vary, often resulting in a too stiff mandrel which makes the 
steering of the catheter much more difficult. The stiffness of the non-metal mandrel of 
the present invention may be varied as needed along the length of the mandrel as 
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requested by the desired stiffness characteristics of a given section of the mandrel. For 
example, it is generally desirable for the proximal section of the catheter to be more stiff 
than the distal section of the catheter and thus the same is true for the mandrel. 

Whereas with the prior art metal mandrel, grounding is one of the few means for 
tapering the diameter (i.e., having a diameter that gets smaller as the length of the 
mandrel is traversed from the proximal end to the distal end) and achieving a varying 
stiffness (the larger the diameter the more stiff the mandrel), non-metal mandrels may 
have dimensional and morphological changes achieved in a variety of ways. For 
example, the diameter of a non-metal mandrel maybe tapered from the proximal end to 
the distal end, by a taper extruding, or by necking the mandrel at high temperatures 
during the initial fabrication of the mandrel. Sometimes, annealing the proximal portion 
of the mandrel induces a higher crystallinity which also makes the annealed proximal 
portion of the mandrel more stiff than the non-annealed distal portion of the mandrel. 

By providing means for supporting a catheter shaft such that the stiffness of the 
support maybe varied as needed, the non-metal mandrel of the present invention also 
eliminates the previous limitation requiring the catheter shaft to be made of a stiff 
polymer in order to provide the desired pushability. Further, the non-metal mandrel of 
the present invention is fabricated from a material that is more compatible with the 
standard materials used for the catheter shaft. This compatibility between the mandrel 
and the catheter shaft allows the mandrel to be able to be fused to the shaft by heating 
if desired. The fusion process locks the mandrel in place and makes the external force 
and support to be applied more efficiently. 
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Thus, the non-metal mandrel of the present invention provides numerous 
advantages over the prior art metal mandrel. The non-metal mandrel allows for both 
dimensional and morphological changes that may be varied to control the stiffness 
characteristics of both the mandrel and the catheter shaft or sheath the mandrel is 
inserted into. The capability of varying the stiffness of the mandrel along its length 
allows the mandrel to provide the greater desired pushability without sacrificing the 
needed flexibility in the distal shaft. This also reduces the need for stiff polymer 
catheter shafts, which greatly reduces the chance of kinking along the catheter shaft. 
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CLAIMS 

What is claimed: 


1 1 . An apparatus comprising: 

2 a rod comprised of a non-metal, said rod adapted to reinforce a hollow 

3 tube. 

1 2. The apparatus of claim 1 wherein said material is selected from the 


2 group consisting of: polyamides, PEEK, PPS, PEI, PI, liquid crystalline polymers, 

3 glass reinforced polymers, graphite reinforced polymers, and any combination 

4 thereof. 


1 3. The apparatus of claim 1 wherein said rod has a proximal section and 

2 a distal section and said proximal section has a larger diameter than said distal 

3 section. 

1 4. The apparatus of claim 3 wherein said distal section is more flexible 

2 than said proximal section. 

1 5. The apparatus of claim 1 , said rod having a proximal section and a 

2 distal section wherein said proximal section is annealed to induce a higher 

3 crystallinity such that said proximal section is stiffer than said distal section. 
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1 6. A catheter comprising: 

2 an outer member; 

3 a hollow inner member extending through said outer member; 

4 an outer lumen between said inner and outer members; and, 

5 a rod comprising a non-metal, said rod extending through said outer 


6 lumen. 


1 7. The apparatus of claim 6 wherein said material is selected from the 

2 group consisting of: polyamides, PEEK, PPS, PEI, PI, liquid crystalline polymers, 

3 reinforced polymers, glass reinforced polymers, graphite reinforced polymers, 

4 and any combination thereof. 

1 8. The catheter of claim 6 wherein said rod has a proximal section and a 

2 distal section and said proximal section has a larger diameter than said distal 

3 section. 

1 9. The catheter of claim 8 wherein said distal section is more flexible than 

2 said proximal section. 

1 1 0. The catheter of claim 6, said rod having a proximal section and a distal 

2 section, wherein said proximal section is annealed to induce a higher crystallinity 

3 such that said proximal section is stiffer than said distal section. 
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ABSTRACT OF THE INVENTION 


An apparatus for providing support along the length of a catheter is 
described. The present invention consists of a mandrel fabricated from a non- 
metal. The mandrel extends through the lumen of a dilatation catheter to provide 
added support and stiffness to the catheter shaft. The stiffness along the length 
of the non-metal mandrel may easily be varied by making dimensional or 
morphological changes to the polymeric mandrel. 
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Title 37, Code of Federal Regulations, Section 1.56 
Duty to Disclose Information Material to Patentability 

(a) A patent by its very nature is affected with a public interest. The public interest is best 
served, and the most effective patent examination occurs when, at the time an application is being 
examined, the Office is aware of and evaluates the teachings of all information material to patentability. 
Each individual associated with the filing and prosecution of a patent application has a duty of candor and 
good faith in dealing with the Office, which includes a duty to disclose to the Office all Information known 
to that individual to be material to patentability as defined in this section. The duty to disclosure 
information exists with respect to each pending claim until the claim Is cancelled or withdrawn from 
consideration, or the application becomes abandoned. Information material to the patentability of a claim 
that is cancelled or withdrawn from consideration need not be submitted If the information is not material 
to the patentability of any claim remaining under consideration in the application. There is no duty to 
submit information which is not material to the patentability of any existing claim. The duty to disclosure 
all information known to be material to patentability Is deemed to be satisfied if all information known to 
be material to patentability of any claim issued in a patent was cited by the Office or submitted to the 
Office in the manner prescribed by §§1 .97(b)-(d) and 1 .98. However, no patent will be granted on an 
application In connection with which fraud on the Office was practiced or attempted or the duty of 
disclosure was violated through bad faith or intentional misconduct. The Office encourages applicants to 
carefully examine: 

(1 ) Prior art cited in search reports of a foreign patent office in a counterpart application, 

and 

(2) The closest information over which individuals associated with the filing or prosecution 
of a patent application believe any pending claim patentably defines, to make sure that any material 
information contained therein is disclosed to the Office. 

(b) Under this section, information Is material to patentability when it is not cumulative to 
Information already of record or being made or record in the application, and 

(1) It establishes, by itself or In combination with other information, a prima facie case of 
unpatentability of a claim; or 

(2) It refutes, or is Inconsistent with, a position the applicant takes in: 

(i) Opposing an argument of unpatentability relied on by the Office, or 

(il) Asserting an argument of patentability. 

A prima facie case of unpatentability is established when the Information compels a conclusion that a 
claim is unpatentable under the preponderance of evidence, burden-of-proof standard, giving each term 
In the claim its broadest reasonable construction consistent with the specification, and before any 
consideration is given to evidence which may be submitted in an attempt to establish a contrary 
conclusion of patentability. 

(c) Individuals associated with the filing or prosecution of a patent application within the 
meaning of this section are: 

(1 ) Each inventor named in the application; 

(2) Each attorney or agent who prepares or prosecutes the application; and 

(3) Every other person who is substantively Involved in the preparation or prosecution of 
the application and who Is associated with the inventor, with the assignee or with anyone to whom there 
is an obligation to assign the application. 

(d) Individuals other than the attorney, agent or inventor may comply with this section by 
disclosing information to the attorney, agent, or Inventor. 
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